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Editor: Yolanda PicóTo assess the health risk posed by ﬂumethrin residues in beeswax to honeybees and honey consumers,
124 wax samples randomly distributed in Belgium were analysed for ﬂumethrin residues using liquid
chromatography/tandem mass spectrometry. The risk posed by ﬂumethrin residues in beeswax to hon-
eybee health was assessed through the calculation of a non-pondered and a pondered Hazard Quotient
by the prevalence rate of ﬂumethrin considering an oral or topical exposure. No statistical difference was
found when comparing both the average ﬂumethrin residues concentrations and contact and oral pon-
dered hazard quotients between apiaries with lower and equal or higher than 10% of colony loss.
Flumethrin residues estimated daily intake by Belgian consumers through honey and wax ingestion
was estimated via a deterministic (worst-case scenario) and a probabilistic approach. The probabilistic
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meaning no risk for human health.
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Food safety1. Introduction
Honeybee health and mortality are of concern (Aizen et al., 2009;
Fontaine et al., 2005; Garibaldi et al., 2014; Klein et al., 2007; Pettis
et al., 2012; Potts et al., 2010; Sanchez-Bayo and Goka, 2014) in North
America aswell as in Europe, and particularly in Belgium. Honeybee col-
ony development success depends partly on themanagement of the ec-
toparasitic bee mite Varroa destructor, which has historically been
treated using varroacides that may also impact honeybee health
(Johnson et al., 2013). Many studies have pointed out pesticides as
one of the main stressors affecting colony development/survival (e.g.
Balbuena et al., 2015; Johnson et al., 2013; Rumkee et al., 2015). Honey-
bee exposure to pesticides may result in adverse health impacts such as
acute and chronic mortality or sub-lethal effects (Chauzat et al., 2009;
EFSA, 2012; Hardstone and Scott, 2010). Understanding and quantifying
the risks of pesticides entering the hive is challenging as pesticide risk is
currently determined via short-term acute contact and oral toxicity
tests on adult bees (i.e., LD50), which avoid synergistic, cumulative, sub-
lethal effects on the colony (Traynor et al., 2016) and which do not take
the possible toxicokinetic proﬁle of bees into account (Hesketh et al.,
2016). Honeybee chronic toxicity tests over 10 days are suggested by
the OECD (OECD, 2018), as well as the standardized chronic toxicity
tests for larvae (OECD, 2013).
Flumethrin is a synthetic pyrethroid ectoparasiticide commonly
used in veterinarymedicine and one of the varroacides used for the con-
trol and treatment of Varroamites in beekeeping (Johnson, 2014; Oruc
et al., 2012). In beekeeping, strips impregnatedwith 3.6mg of the active
substance ﬂumethrin are suspended into the space between the combs
in the central brood rearing area for several weeks; normally developed
colonies receive four strips per brood chamber (EMEA, 1998).
Flumethrin belongs to group 1, highly toxic to honeybees pesticides,
from the pyrethroids class of synthetic insecticides, based on the struc-
ture and insecticidal activity of the pyrethrins, with a broad range of
toxicity to adult bees (Oruc et al., 2012). Flumethrin acute oral DL50 is
0.178 μg/bee (Oruc et al., 2012) and its contact DL50 is 0.05 μg/bee
(Perez Santiago et al., 2000). Flumethrin affects the insect nervous sys-
tem by causingmultiple action potentials in the nerve cells, by delaying
the closing of ion channels (Oruc et al., 2012). In addition of being highly
toxic to adult bees (Oruc et al., 2012), applying varroacides in honeybee
colonies leaves residues in bee products, especially in beeswax.
Varroacides accumulate in beeswax with years of treatments, reaching
such high concentration levels up to the mg kg−1(Lozano et al., 2019),
given that they are mostly fat-soluble, non-volatile (Wilmart et al.,
2016) and given that old comb beeswax is recycled continuously into
new foundations (Ravoet et al., 2015; Tlak Gajger et al., 2016). Beeswax
is primarily used in beekeeping to produce comb foundations but also in
the chemical, cosmetic, pharmaceutical and food industries. Beeswax is
a naturalwax produced by theworker bees in theirwax-producingmir-
ror glands on the inner sides of the sternites on abdominal segments
(Reybroeck et al., 2010). The new wax scales are masticated by the
worker bees andused to build honeycomb cells inwhichbrood is raised,
and nectar and pollen are stored (Ravoet et al., 2015; Thompson, 2012).
Ripened honey is also capped with wax (EFSA, 2007). Contact between
beeswax and honey enables chemical transfer between these two ma-
trices (Tremolada and Vighi, 2014). This carry-over could lead to an ex-
ceeding maximum residue limits, which could pose a health risk to
consumers and honeybee health (Benuszak et al., 2017; Wilmart et al.,
2016). Nevertheless, transfer of ﬂumethrin from beeswax to honey
has been estimated as negligible (EMEA, 1998; Karazaﬁris et al., 2012;Wallner, 1999) as its octanol-water partition coefﬁcient at pH 7 and
20 °C (i.e. Log P) is 6.2 (Veterinary Substances Data Base, Pesticide Prop-
erties DataBase: http://sitem.herts.ac.uk/aeru/ppdb/en/atoz.htm),
which corresponds to a highly lipophilic substance. At European level,
the EU commission has set the average consumption of honey at 5 g/
capita/day representing a very small part of the total diet (EU
Commission, 2018). For Belgium, the value of 50 g honey per day and
per person is recorded as the 95th percentile of the chronic daily con-
sumption (consumers only) for an adult according to the EFSA Compre-
hensive European Food Consumption Database (Wilmart et al., 2016).
In addition, in Belgium, the average consumption of 16.41 g honey per
day andper person (honey consumers only)was recorded in consumers
older than 14 years of both sex (De Vriese et al., 2005). Concerningbees-
wax, a consumption of 1.29 g beeswax per day and per person was cal-
culated by the EFSA (EFSA, 2007). This conservative assumption is based
on the 95th percentile of consumption of foodstuffs containing beeswax
as they increase human exposure through secondary routes such as
consumption of food additives, coating agents in pastry preparation,
capsules and tablets, surface treatment of certain fruits (EFSA, 2007).
The consumption of honey and beeswax only as foodstuffs were taken
into account, not as cosmetics or pharmaceuticals. We considered the
consumer as an adult of 60 kg body weight (bw) (Wilmart et al.,
2016). Pyrethroids, including ﬂumethrin, show almost negligible acute
toxicity to humans but are highly toxic to target organism. Themain ef-
fects of pyrethroids are neurotoxicity at high doses and liver hypertro-
phy, which are reversible if death does not occur. Symptoms of
chronic toxicity of pyrethroids include memory loss, change in immu-
nity system, behavioral problems, thyroid problem etc. (Patel and
Patil, 2016).
In Belgium, until February 2017, ﬂumethrin was only authorised
under veterinary prescription using the “cascade system”. The cascade
system was introduced to solve the general problem of availability of
veterinary medicinal products for minor species and for minor uses
(Reybroeck et al., 2010). Until today, no maximum residue limit
(MRL) due to the veterinary use of ﬂumethrin is required in honey ac-
cording to European Commission Regulation (EU, 2002), because the
residue levels in honey were generally lower than the limit of detection
(LOD) of the analytical method (1–2 μg/kg), and this while, at the same
time, the concentration of ﬂumethrin in the beeswax from the same
treated hives amounted to 130 μg/kg (EMEA, 1998).
In February 2017, ﬂumethrin veterinary medicine product obtained
a EuropeanMarketing Authorisation (MA) in several EUmember states,
including Belgium. This product is commercialised under the name of
PolyVar Yellow® (275 mg bee hive strip containing holes). The strips
should be ﬁtted at the entrance in a way that the bees are forced to
enter or leave the hive only through the holes of the strip.
The present unprecedented study was motivated by the high losses
of honeybee colonies observed in Belgium last years. The objective of
the study was to perform a ﬂumethrin nationwide monitoring of
comb wax in order to determine the prevalence rates and the contami-
nation levels in Belgian apiaries. During the survey (beekeeping season
2016), beeswax samples were collected and honeybee mortality rates
were registered (from May to October 2016). The novelty of this study
was testing the possible relation between ﬂumethrin residues concen-
trations and honeybee mortality as well as the assessment of the risk
posed by ﬂumethrin residues in beeswax to honeybees through contact
or oral exposure (mastication). For this last purpose, themasticatedwax
quantity had to be beforehand estimated, as these quantities were
not known. In addition, using both deterministic and probabilistic
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take of ﬂumethrin residues through consumption of beeswax and
honey per day and per person and we compared it to the theoretical
maximum daily intake (TMDI) estimated by EMEA (1998) as equal to
108 μg/day.
2. Materials and methods (including safety information)
2.1. Epidemiological unit of interest
When applied to beekeeping, it is important to deﬁne the “epidemi-
ological unit” for which the case deﬁnition is being applied. Epidemio-
logical units are the groups which make up the population of interest,
and can range from individual bees, colonies, and apiaries (van
Engelsdorp et al., 2013). For this study, the epidemiological unit used
to assess the risk for honeybee health is the individual adult honeybee,
Nevertheless, larvae reared in cells are in closer contact with residues
contained in the wax (Chauzat and Faucon, 2007) and are thus more
at risk than bees. Unfortunately, the risk to larvae could not be assessed
as we still lack acute and chronic, contact and oral toxicity tests
(i.e., LD50) for larvae. To characterise honeybee mortality, the colony
was considered as the unit of interest.
2.2. Beeswax sampling
One sample of 20 g of combwaxwaswithdrawn from1hive per api-
ary out of 124 apiaries, randomly selected and uniformly spread in each
of the ten Belgian provinces (Fig. 1). Whenever possible, samples wereFig. 1.● negative sample for ﬂumethrincollected from an area of used brood comb, out of the hive body, not
containing any beebread, honey or brood (Traynor et al., 2016). The
sampled bee colonies seemed healthy, with no clinical signs of infec-
tious diseases or acute intoxication (Ravoet et al., 2015). Potential vari-
ations in climatic factors between different sampling locations were
minimised by collecting beeswaxmatrices during the same beekeeping
season, from May to October 2016. In Belgium, veterinary treatments
against Varroamite are applied typically two times a year: ﬁrst around
New Year (oxalic acid) in the absence of brood, then right after honey
harvest (varroacide), meaning between the 15th of July and 1st of
August.
2.3. Flumethrin detection and residue concentration
Beeswax was analysed for the presence of ﬂumethrin residues by
GRIPA test laboratory (Beaucouzé, France) according to the European
NF EN 15662 method (CEN, 2008). Solubilisation wasmade with aceto-
nitrile (ACN) before the addition ofwater and citrate salts (sodium chlo-
ride, magnesium sulfate, sodium citrate and sodium hydrogenocitrate
sesquihydrate) in order to separate ACN from water. The ACN extract
was shaken and centrifuged to purify it with dispersive QuEChERS's
salt (mix of MgSO4 and Primary and Secondary Amine). The ﬁnal ex-
tract was directly used for LC-MS/MS. Quantiﬁcation was performed
using addition of ﬂumethrin in blank beeswax extract before injection
(calibration curve from 1 μg/l to 50 μg/l). Samples with higher contents
are diluted with ACN to integrate the linearity range. Flumethrin was
also added before extraction (different level between 20 μg/kg and
100 μg/kg) to another blank beeswax sample (each analysis batch) to; ○ positive sample for ﬂumethrin.
Table 1
List of the distributions used for the probabilistic risk assessment (only “consuming” peo-
ple are presented) according to the @Risk software notations.
Parameter Distribution function in @Risk
Flumethrin contamination
Lower bound approach RiskExpon(0,014919;RiskShift(0))
Middel bound approach RiskPareto(2,7117;0,01)
Upper bound approach RiskPareto(4,5905;0,02)
Honey consumption RiskLognorm(15,277;19,221;RiskShift(0,77739))
Legend: P95, percentile 95.
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quantitate with good accuracy the limit of quantiﬁcation (LOQ) set to
20 μg/kg. Mean recovery is 95%with a relative standard deviation of 13.
Analysis in LC/MS/MS has been done on Sciex 5500 Qtrap with
Shimadzu HPLC pump (LC 20XAD) and Synergi Hydro RP® column
from Phenomenex. Two transitions were followed to ensure the speci-
ﬁcity of the method in negative electrospray mode (508 give 481 and
510 give 483). The Multiple Reaction Monitoring ratio (MRM ratio)
criteria was ﬁxed at 30% to discriminate false positive. A signal to
noise ratio under 10 is not acceptable for both transitions to measure
calibration point.
2.4. Data collection on colony loss
Aquestionnairewas ﬁlled out togetherwith the sampling in order to
record the general colony losses. The percentage of losses per apiary is
the difference between the number of colonies in April 2016 and in Sep-
tember 2015 divided by the number of colonies (including splits) in
September 2016 andmultiplied by one hundred (Clermont et al., 2014).
We took in consideration, within the population of interest, the api-
ary size. Apiaries with large numbers of colonies will have a greater in-
ﬂuence on the total colony loss metric than the apiaries with only few
colonies (Kulhanek et al., 2017).
General colony loss is themost accurate snapshot of losses in Belgian
apiaries over a ﬁxed period of time (end beekeeping season) giving us a
precise ﬁgure of the proportion of all colonies that died in Belgium.
2.5. Non-pondered and pondered wax hazard quotient
The acute risk of ﬂumethrin residues in beeswax to bees was
assessed separately considering an oral or a contact exposure. Since res-
idue concentrations are signiﬁcantly higher in wax, and migration
poorly understood in this matrix, only samples with a HQ wax N 5000
are associated with an elevated risk to honeybees (Traynor et al.,
2016). As no information was found on the amount of masticated bees-
waxby honeybees, the following scenariowas used. The cell weightwas
estimated by the average weight of 4 wax samples (1 dm2 each) from a
body wax frame divided by the number of cells which were counted
recto and verso (n= 800). In this condition, the estimated cell weight
was in average 0.0232 g (S.D. = 0.0015 g).
For a colony including ±50,000 bees and considering that 50% (or
25,000) of them are foragers, 20% (or 5000) of them develop the ability
to produce wax during 7 days (Winston, 1987). Worker honeybees
build 3 sheets (34.6 cm × 19.9 cm = 6.88 dm2 each) of wax (initially
65 g per sheet) within a Simplex body in 2 days by stretching and
incorporating newly produced wax (Winston, 1987). Once built,
these 3 sheets consisting of 800 cells per dm2, each weighing 0.0232 g
will bring the weight of the 3 build wax sheet to 383 g (6.88dm2 ×
800 × 0.0232 g × 3 = 383 g). This amount of beeswax corresponds
to 0.0383 g of masticated wax per bee and by day (= 383 g/(5000
bees × 2 days)).
The acute toxicity determines the inherent toxicity of ﬂumethrin to
bees in experimental conditions. Currently, typical risk assessments
consider only acute toxicity of chemicals either by topical or oral expo-
sure, measured 24 or 48 h after exposure (Sanchez-Bayo and Goka,
2014).
The result as a certain dose expressed in μg/bee is a parameter and
does not express the hazard of the product in the ﬁeld. For this reason,
we calculated theHazardQuotient (HQ) per bee and sample for the spe-
ciﬁc matrix beeswax using a similar method described by (Stoner et al.,
2013) and for which the equations are the following:
HQcontact wax per bee ¼
Residue concentration in μg=kg beeswax
LD50contact in μg bee
−1 ð1ÞHQoral wax per bee ¼
Residue concentration in μg=kg beeswax
LD50oral in μg bee
−1 ð2Þ
For contact and oral routes, this standard calculation per sample is
not fully ameasure of the risk of honeybees being exposed to ﬂumethrin
residues through thebeeswax, because it does not indicate theprobabil-
ity of a hazard to occur. To estimate the risk of honeybees being affected
by ﬂumethrin residues contaminated beeswax, it is necessary to con-
sider also the frequency of detection of these residues in this matrix in
Belgium, because prevalence indicates the probability of exposure to
the contaminant (Sanchez-Bayo and Goka, 2014). Prevalence rate is
the percentage of positive samples per province or par region.
Therefore, a pondered HQ (PHQ) should incorporate this probability
as follow:
PHQ ¼ HQcontact wax  prevalence rate %½  ð3Þ
PHQ ¼ HQoral wax  prevalence rate %½  ð4Þ
2.6. Flumethrin residues estimated daily intake for Belgian consumers of
honey and beeswax
The estimated daily intake (EDI) of ﬂumethrin residues by con-
sumers through the consumption of honey and beeswax was assessed
using both deterministic and probabilistic approaches. In the determin-
istic approach, the EDI was based on a worst-case scenario (EDIWCS).
The EDIWCS was calculated on the basis of the percentile 95 (P95) of
ﬂumethrin residues concentrations found in beeswax of Belgian hives
multiplied respectively by the P95 of honey consumption (i.e. 50 g of
honey per day and per person) and the P95 of the beeswax consump-
tion (i.e. 1.29 g beeswax per day and per person) (Wilmart et al.,
2016). In the probabilistic approach, both distributions of ﬂumethrin
residues concentrations and honey consumption were considered. For
this approach, honey consumption data were extracted from the na-
tional human consumption survey performed in 2004 in Belgium (De
Vriese et al., 2005). This consumption survey concerns adults older
than 14 years of both sex (n=3083persons involved). In this approach,
individual consumption and contamination data are converted into a
distribution function (Table 1) and computed using @Risk software
(version 7.5; Palisade Corporation, New York, NY, USA). Afterward, dis-
tribution functions are combined using a Monte Carlo simulation with
100,000 iterations to obtain a function of ﬂumethrin EDI.
To our knowledge, very few studies exist about contaminations of
honey by contaminated beeswax. The percentage of transfer depends
on the lipophilicity of the active substance. The Log P values or the log-
arithm of the ratio of the concentrations of ﬂumethrin in the solvents
octanol and water is of 6.2 (http://sitem.herts.ac.uk/aeru/vsdb/
Reports/1480.htm). Chemicals with low Log P values (e.g., b1) may be
considered relatively hydrophilic; conversely, chemicals with high Log
P values (e.g., N4) are very hydrophobic, in other words, highly lipo-
philic. Flumethrin is highly lipophilic (Log P of 6.2). This induces a
very low transfer from beeswax to honey. A previous study that aimed
to determine the limit after which the concentration of active
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tively detectable in honey, with a detection threshold for ﬂumethrin
residues of 5 μg/kg, showed that there was no detectable transfer of
ﬂumethrin residues from wax into honey, in experimental conditions
(Wallner, 1992).
For this reason, we consider only 1% of ﬂumethrin residues migrat-
ing to honey. Considering that a frame completely ﬁlled with honey
contained approximately 1.84 kg of honey (Simplex standard frame),
the wax/honey ratio is 128/1840 g = 0.069 (Reybroeck et al., 2010).
The EDI of ﬂumethrin residues by the consumer is:
EDIwax ¼ BDC per person X beeswax contamination ð5Þ
which, BDC is the beeswax daily consumption.
EDChoney ¼ HDC per person X beeswax contamination X 0:069 X 0:01 ð6Þ
which, HDC is the honey daily consumption, 0.069 the wax/honey ratio
and 0.01 the maximum transfer from beeswax to honey.
2.7. Statistical analysis
Comparison between prevalence rates and ﬂumethrin residues con-
centrations between regions were respectively assessed using a Chi2
and a Mann-Whitney U test. The relation between the average
ﬂumethrin residues concentrations and the colony losses was tested
using both the Pearson correlation coefﬁcient and Spearman rank corre-
lation coefﬁcient. The average of ﬂumethrin residues concentrations be-
tween groups of colonies with loss lower and equal or higher than 10%
was tested using Two-sample t-testwith unequal variances. In addition,
a negative binomial regression was used to investigate the relation be-
tween both contact and oral pondered hazard quotient. In this analysis,
the number of colony losseswas weighted by the size of apiary as expo-
sure. All statistical analyses were carried out in STATA/SE 14.2
(StataCorp, College Station, TX, USA). The limit of statistical signiﬁcance
of the tests performed was deﬁned as 0.05.
3. Results/discussion
3.1. Flumethrin detection and concentration in positive beeswax samples
Out of the 124 analysed beeswax samples (61 from Flanders and 63
from Wallonia), 27 samples were found with ﬂumethrin residues (14
from Flanders and 13 fromWallonia) (Table 2). Unexpectedly, the Bel-
gianmean prevalence rate was of 21.77% (95% CI: 14.87–30.08)with no
signiﬁcant difference in prevalence rates between Flanders andTable 2
Prevalence rate and concentration of ﬂumethrin residues (μg/kg) in beeswax samples from the
Concentration (μg
Area Np Nn Prevalence rate (%) Min Max
Antwerp 3 10 23.08% 29 280
Limburg 1 11 8.33% 31 31
East Flanders 3 9 25% 26 40
Flemish Brabant 3 9 25% 54 59
West Flanders 4 8 33.33% 21 50
Flanders 14 47 22.95% 21 280
Wallon Brabant 5 9 35.71% 54 190
Hainaut 1 12 7.69% 46 46
Liège 4 8 33.33% 32 140
Luxemburg 3 9 25% 41 48
Namur 0 12 0% NA NA
Wallonia 13 50 20.63% 32 190
Belgium 27 97 21.77% 21 280
Legend: Np, number of positive; Nn, number of negative; HQ, hazard quotient; PHQ, ponderedWallonia (Chi2 (α=0.05; 1 d.d.l.) = 0.10; P = 0.76), showing that
ﬂumethrin use in Belgium is quite widespread at the national level
even if the substancewas only authorised under veterinary prescription
before February 2017, in the case of the “cascade system”. The Belgian
average ﬂumethrin residues concentration for contaminated beeswax
samples was 68.52 μg/kg with a standard deviation of 58.2 μg/kg
(median = 48 μg/kg; min = 21 μg/kg and max = 280 μg/kg) with no
signiﬁcant difference in the ﬂumethrin residues concentration between
regions (Mann-Whitney U test; P= 0.08). The highest concentrations
were observed for samples from provinces of Antwerp (280 μg/kg)
and of Walloon Brabant (190 μg/kg) (Table 2). As for prevalence rates,
no signiﬁcant difference in ﬂumethrin residues concentrations was
found between both regions.
Surprisingly, no beekeeper indicated using this substance for
varroosis treatment in the associated face-to-face questionnaire (El
Agrebi, personal communication). The origin of the contamination
could provide from historic use of ﬂumethrin by the beekeepers (previ-
ous years) or fromﬂumethrin residues contaminated trade beeswaxbe-
fore it use by the beekeepers as ﬂumethrin shows high lipophilic
properties (Log P= 6.2) (Lewis et al., 2016) and remains in beeswax.
In a study on the prevalence of pesticides residues in beeswax in
Spain (Calatayud-Vernich et al., 2017), the ﬂumethrin residues mean
concentration found was of 90.5 μg/kg (min-max; 48–170.1 μg/kg).
Nevertheless, the limit of quantiﬁcation (LOQ) for ﬂumethrin in the
Spanish study was lower (12.5 μg/kg) than in the present study (20
μg/kg). The prevalence rate in Spain was of 81.8% (Calatayud-Vernich
et al., 2017).
3.2. Non-pondered and pondered wax hazard quotient
The exposure of honeybees to pesticides residues involves both con-
tact and oral routes (Alix and Vergnet, 2007). For both exposure routes,
the non-pondered HQwax is compared with a trigger value of 50 (Alix
and Vergnet, 2007) considered as a risk to adult worker honeybees.
Nevertheless, since residues concentrations can be signiﬁcantly higher
in wax, and transmission routes poorly understood in this matrix, only
values of contact HQwax N 5000 correspond to an elevated risk to honey-
bees (Traynor et al., 2016). Contact non-pondered hazard quotient
ranged from 420 to 5600 with a mean value of 1370 (S.D. = 1164)
and 1 out of 27 beeswax samples was associated with an elevated risk
to honeybee health with a value of 5600. Oral non-pondered hazard
quotient ranged from 118 to 1573 with a mean value of 385 (S.D. =
327). When the ﬂumethrin residues prevalence rates were considered
(PHQ) the mean contact PHQ decrease up to 384 (S.D. = 333; min-
max = 51–1292) and the mean oral PHQ decrease up to 108 (S.D. =
94; min-max = 14–363) (Table 2) but remained above the triggertwo Belgian regions and calculated oral/contact HQ/PHQ for each province.
/kg) in Np HQ PHQ
Average Median Contact Oral Contact Oral
143 120 2860 803 660 185
31 NA 620 174 51 14
35 40 707 199 177 50
57 58 1140 320 285 81
32 29 645 181 215 60
62 40 1237 348 348 86
104 94 2084 585 694 195
46 NA 920 258 64 18
72 58 1435 403 478 134
43 41 867 243 217 61
NA NA NA NA NA NA
76 54 1514 425 425 132
69 48 1370 385 385 108
hazard quotient; NA, non-applicable.
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an underestimate of total exposure and does not take into account
ﬂumethrin cumulative and sub-lethal effects on the colony. Because of
the speciﬁc toxicokinetic proﬁle of honeybees compared with other in-
sects, it is recognised that toxicokinetic data can provide useful informa-
tion on the potential biological persistence of a pesticide residue which,
in some cases, could have effects after continuous exposure that maybe
moremarked comparedwith their short-term effects (EFSA, 2013). Un-
fortunately, the current state of knowledge does not permit the devel-
opment of more robust models that include these factors, and thus we
used this more simplistic model as a point of departure to help under-
stand the risk posed by the real world exposure experienced by honey-
bee colonies (Traynor et al., 2016). More precise calculation would use
the LD10 instead of LD50's or the same but for chronic toxicity, however
this toxicological reference dose is currently not available for ﬂumethrin
(Traynor et al., 2016).3.3. Flumethrin residues concentrations and pondered hazard quotients
compared to colony loss
We found no linear (Pearson correlation coefﬁcient = −0,22; P =
0.55) and no non-parametric (Spearman rank correlation coefﬁcient
= 0.13; P = 0.73) relation between average ﬂumethrin residues con-
centrations expressed in μg/kg compared to average mortalities
expressed in percent per province in Belgium (Fig. 2). There is no signif-
icant difference concerning the average ﬂumethrin residues concentra-
tions between apiaries with lower and equal or higher than 10% of
colony loss (Two-sample t-test with unequal variances; P= 0.60).
There is no signiﬁcant difference concerning the contact (negative
binomial regression; P=0.537) and oral (negative binomial regression;
P= 0.535) pondered hazard quotients between apiaries with less and
equal or higher than 10% of colony loss.
In this study, we only focused on ﬂumethrin residues contamina-
tions and their possible direct impact on honeybee mortality. Till
today, no speciﬁc causal agent has yet been identiﬁed, but there is a
wide consensus on the multifactorial origin of colony losses that are
often associatedwith high infection levels of parasites and/or pathogens
(Neumann and Carreck, 2015; Ratnieks and Carreck, 2010). There is no
consensus either, regarding the relative importance of these factors, sin-
gly or in combination (Van Engelsdorp and Meixner, 2010). We can't
thus identify ﬂumethrin residues in beeswax as a risk factor of beemor-
tality alone, but it could be one in combinationwith other pesticides like
fungicides (Thompson, 2012).Fig. 2. Provinces as ANT (Antwerp), LIM (Limburg), OVL (East Flanders), VLB (Flemish Bra
(Luxembourg), NAM (Namur).3.4. Belgian honey and/or beeswax consumer's ﬂumethrin residues esti-
mated daily intake
The EDI of ﬂumethrin residues by consumers through the consump-
tion of honey and beeswax was estimated with both determinist and
probabilistic approaches. In the determinist approach, only the EDI in
a worst-case scenario (P95 for wax ﬂumethrin residues concentration
and for consumption data) (EDIwcs) was considered. For the ﬂumethrin
concentration conversion from wax to honey, we have considered a
wax/honey ratio of 0.069 and only 1% of ﬂumethrin residues migrating
from wax to honey due to the high lipophilicity (high Log P) of
ﬂumethrin. In the probabilistic approach, due to the absence of informa-
tion on individual consumption of beeswax, the exposure assessment
could only be performed for honey.
3.4.1. Deterministic approach
In the worst-case scenario, the ﬂumethrin residues estimated daily
intake through beeswax consumption (EDIwcs−wax) is of 0.0955 μg per
day and per person (Eq. (5)). Flumethrin residues EDI in honey
(EDIwcs−honey) is of 0.00256 μg per day and per person (Eq. (6))
(Table 3). Both values represent b0.1% of the TMDI.
As no randomness is involved in this model, the result of it can be
validated nevertheless themultiplication of prudent assessment factors
whichmay result in an overestimated overall result and therefore unre-
alistic reference values.
3.4.2. Probabilistic approach
Considering the lower (for each value below the LOQ, 0 was attrib-
uted), themiddle (for each value below the LOQ, value of LOQ/2 was at-
tributed) and the upper (for each value below the LOQ, value of LOQ
was attributed) bound approaches, the mean EDIhoney was respectively
0.00013, 0.00014 and 0.00072 μg ﬂumethrin per day and per person. In
the same way, the P95 EDIhoney was respectively 0.0004, 0.0004 and
0.00069 μg ﬂumethrin per day and per person. In all the previous
cases, the mean EDIhoney represents b0.0002% of the TMDI. When we
consider the maximum values of the EDIhoney in each approach, the
maximum percentage of the TMDI was b0.007%. The probabilistic ap-
proachwas not possible for beeswax consumption due to the lack of in-
dividual consumption data.
This approach intends to describemore clearly variability and/or un-
certainties in yielding quantitative insight into both the possible range
and the relative likelihood of values for model outputs. According to
both approaches, ﬂumethrin residues in beeswax and in honey do not
pose a risk to human health (= calculated EDI values very muchbant), WVL (West Flanders), BWA (Walloon Brabant), HAI (Hainaut), LIE (Liège), LUX
Table 3
Deterministic calculation of the estimated daily intake in the worst-case scenario* for
honey and/or beeswax consumers only expressed in percentage of the TMDI.
Parameter Consumption
Honey Wax
Flumethrin residue concentration in wax (mg/kg) – 0.07405
Flumethrin residue concentration in wax (μg/kg) – 74.05
Flumethrin residue concentration in honey (μg/kg)
considering the wax/honey ratio (0,069) and the
coefﬁcient of migration (0.01)
0.05109 –
Consumed quantity (g per day and person) 50 1.29
Consumed quantity (kg per day and person) 0.05 0.00129
Body weight (kg) 60 60
EDI (μg per day and per kg of body weight) 0.00004258 0.00159208
EDI (μg per day and per person of 60 kg) 0.;002555 0.0955245
TMDI (μg per day and per person of 60 kg) 108 108
% of TMDI 0.0024 0.0885
Legend: *Percentile 95 (P95) of theﬂumethrin residue concentration and P95 of thehoney
consumption.
718 N. El Agrebi et al. / Science of the Total Environment 687 (2019) 712–719lower than the ADI). This is mainly due to the low level of beeswax con-
sumption and to the low level of ﬂumethrin residues in honey. Never-
theless, other foodstuffs can contribute to the consumers' exposure to
ﬂumethrin residues (EMEA, 1998; Wilmart et al., 2016).4. Conclusions
The results of this study highlight the importance of considering the
risk of pesticides both for honeybee health and for human health per-
spectives. Flumethrin residues in beeswax and in honey do not appear
to pose a risk to human health but represent a risk to honeybee health.
The beneﬁt of the ﬂumethrin use should be considered in regard to its
toxic effects on bees. In order to decrease the level of pesticide residues
in beeswax, we recommend to (i) inform beekeepers about ﬂumethrin
risks (HQ and PHQ) to honeybee health and to its correct use, (ii) re-
place the old frames from the brood chamber by low residue beeswax
foundation in order to ensure a complete frame turnover in the hive
after 2 to 3 years. The exclusion of honey and beeswax frames that are
in contact with the strips could also lead to a drastic reduction of resid-
ual ﬂumethrin concentrations in the ﬁnal product.
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